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Abstract 


This  report  describes  the  commissioning  and  appraisal  of  a  conventional  3-detector 
VISAR  velocity  interferometer  system  (Systems,  Science,  and  Software,  Model 
3SLVI-401)  for  measuring  the  velocity-time  histories  of  small  plastic  flyer  plates 
produced  by  exploding  bridge  foil  generators. 

Proper  treatment  of  the  flyer  surface  to  diffusely  reflect  the  laser  beam  was  found  to 
be  important.  Roughening  the  surface  with  a  miniature  grit-blaster  produced  the  best 
results.  Peak  velocities  in  the  range  1500  mis  to  3900  mis  were  obtained  for  small- 
and  medium-scale  flyers  (bridge  widths  of  0.25  mm  and  1.5  mm,  respectively). 
Accelerations  were  in  the  range  10  Cm/s2  to  100  Gm/s2.  The  uncertainty  of  the 
measurements  was  found  to  be  related  to  the  limited  high-frequency  response  (less  than 
100  MHz)  of  the  photodetectors. 

After  replacement  of  the  original  non-flat  beamsplitter,  the  arms  of  the  interferometer 
were  not  quite  compensated.  A  modified  VISAR  velocity  equation  that  allows  for  the 
effective  etalon  length  of  the  X/8  waveplate/beamsplitter  combination  is  derived. 
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A  VISAR  Velocity  Interferometer 
System  at  MRL  for  Slapper  Detonator 
and  Shockwave  Studies 


1.  Introduction 

Since  its  invention  in  1972  [1],  the  VISAR  (Velocity  Interferometer  System  for 
Any  Reflector)  has  found  widespread  use  in  explosives  research  laboratories 
around  the  world  for  velocity  measurements  of  rapid  surface  motions  (typically 
in  the  range  1  to  5  km/s).  Quite  often,  large  accelerations  (10  to  200  Gm/s2) 
are  associated  with  producing  these  velocities.  The  VISAR  and  the  Fabry-Perot 
interferometer  [2]  are  virtually  the  only  diagnostic  tools  available  for  obtaining 
accurate  continuous  velocity-time  histories  for  such  surface  motions.  One 
particular  application  is  for  studying  the  performance  of  flyers  generated  by 
exploding  bridge  foil  devices,  such  as  those  used  in  slapper  detonators  [3]  and 
flyer  generators  used  for  shocked  material  studies  14,  5]. 

Establishment  of  a  VISAR  capability  at  MRL  was  facilitated  by  the  loan  of 
VISAR  components  from  Eglin  Air  Force  Base,  USA,  under  the  auspices  of 
TTCP  WTP-3.  The  components  form  a  simpler  three-detector  VISAR  rather 
than  the  more  recent  and  sophisticated  four-detector  version  [6].  The  system 
developed  around  these  components  includes  a  high-power  laser,  electro-optic 
shutter,  and  a  computer-based  data  acquisition,  processing  and  data  reduction 
facility.  We  have  reached  a  stage  where  data  can  be  obtained  for  small-  and 
medium-scale  flyers  (0.25  mm  and  15  mm  bridge  widths,  respectively).  Its 
application  to  large-scale  flyers  has  not  been  evaluated  and  attempts  at  free- 
surface  velocity  measurements  have  not  been  conclusive. 

The  present  report  provides  details  on  the  VISAR  system,  some  results,  and 
discusses  the  system's  linv.  Nations  as  shown  by  these  results. 


2.  Three-Detector  VISAR  System 


2.1  Principle  of  Operation 

2.1.1  General  Description 

A  VISAR  measures  velocities  by  using  the  Doppler  shift  of  a  laser  beam 
diffusely  reflected  from  a  moving  target  (Fig.  1).  The  VISAR  optics  and 
detector  parts  were  made  by  Systems,  Science  and  Software  (Model  3SLVI-401), 
with  the  remaining  parts  being  added  by  MRL.  During  a  measurement,  an 
electro-optic  shutter  allows  a  high  powered  argon-ion  laser  beam  to  pass 
through  the  hole  in  mirror  M.  The  beam  is  then  focused  on  to  the  target  by 
lens  L.  The  diffusely  reflected  beam  is  collected  and  recollimated  by  L,  after 
which  it  is  reflected  by  M  and  enters  the  VISAR  optics. 

After  M,  the  beam  passes  through  a  beam  reducing  telescope,  followed  by  a 
polarizer  set  to  give  a  linearly  polarized  beam  with  its  plane  of  vibration  about 
45°  to  the  vertical.  The  monitor  beamsplitter  (MBS)  then  directs  a  fraction  of 
the  beam  to  the  monitor  photomultiplier.  The  recording  of  beam  intensity 
during  the  measurement  is  needed  for  the  correction  of  intensity  variations  and 
for  subtracting  incoherent  light  information  from  the  data  signals. 


Figure  t:  VISAR  schematic  diagram. 
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The  transmitted  fraction  of  the  beam  enters  the  modified  Michelson-type 
interferometer  where  it  is  first  split  into  equal  parts  by  the  interference 
beamsplitter  (IBS).  The  interferometer  is  set  up  so  that  the  apparent  optical 
path  lengths  of  the  two  arms  are  equal  to  allow  interference  of  spatially 
incoherent  light,  but  at  the  same  time  with  light  from  one  arm  delayed  in  time 
so  that  fringe  shifts  occur  with  wavelength  changes.  Both  of  these 
requirements  are  satisfied  by  the  use  of  a  solid  etalon  in  one  arm.  The  light 
reflected  along  the  non-delay  arm  passes  twice  through  an  eighth  retardation 
plate  thereby  converting  the  linear  polarization  to  circular  polarization.  This 
allows  quadrature  coding  of  the  signals  which  is  used  to  improve  the  resolution 
of  the  system  near  maximum  or  minimum  of  the  fringes.  It  also  allows  the 
sign  of  the  acceleration  to  be  determined  without  ambiguity  [1]. 

Upon  recombination  at  the  IBS,  the  beams  undergo  interference.  One 
recombined  beam  is  directed  via  a  polarizing  beamsplitter  cube  (PBS)  and 
mirror  to  the  data  photomultipliers,  while  the  other  recombined  beam  is 
wasted.  The  PBS  resolves  the  beam  into  its  s  (vertical)  and  p  (horizontal) 
components  which  are  detected  by  the  D1  and  D2  photomultipliers  respectively. 

As  shown  in  the  instrumentation  schematic  in  Figure  2,  the  three 
photomultiplier  outputs  are  recorded  by  a  digital  storage  oscilloscope  (DSO).  A 
delay  pulse  generator  provides  the  required  triggering  sequence  for  the  electro¬ 
optic  shutter,  photomultipliers,  firing  equipment,  and  oscilloscope. 


Stripline 


firidoe  toll 


Figure  2:  Block  diagram  of  the  instrumentation  arrangement. 
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2.1.2  VISAR  Equations 

Velocity 


The  expression  usually  used  for  calculating  the  velocity,  u(t),  at  time  t  is  as 
follows  [6]: 


u(t) 


VF(Q 

-1/B.X1  *8) 


(1) 


where 

Xfl  =  wavelength  of  the  unshifted  light, 

c  =  speed  of  light, 

F(f)  =  total  fringe  count  at  time  f, 

le  =  length  of  etalon, 

ne  =  refractive  index  of  the  etalon  material,  and 

8  =  correction  for  the  optical  dispersion  of  the  etalon. 

Another  commonly  used  expression  is  the  velocity  fringe  constant,  K,  where 


K  = 


c 

4/.C'«.-1/".)(1  +8> 


(2) 


Various  derivations  of  the  velocity  interferometer  equation  are  given  in  the 
literature  [7,  8,  9, 10].  An  alternative  derivation  is  given  in  Appendix  A.  The 
equation  includes  an  additional  term  which  accounts  for  the  effective  etalon 
length  of  the  X/8  waveplate/IBS  combination. 


Translation  of  the  Delay- Arm  Mirror 

As  mentioned  above,  the  etalon  is  used  both  to  allow  interference  of  spatially 
incoherent  light  and  to  introduce  a  time  delay.  After  an  etalon  of  length  le  is 
inserted,  the  mirror  in  the  delay  arm  must  be  moved  by  an  amount  x.  As 
shown  in  Appendix  B,  x  is  determined  by  the  expression 

"'•H)  <! 


where 

ne  =  the  refractive  index  of  the  etalon  material 
=  1.462  for  fused  silica  at  X  =  5145  ran. 
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TYanslation  of  the  mirror  by  x  ensures  that  split  rays  of  spatially  incoherent 
light  will  be  recombined  with  themselves  at  the  IBS.  While  spatial  incoherence 
is  not  required  in  this  arrangement,  temporal  coherence  is,  as  the  optical  path 
difference  is  significantly  greater  than  zero. 


2.2  Laser 

For  this  work,  a  Coherent  Innova  90-5  5-watt  argon-ion  laser  is  used  in  the 
single  line  mode.  The  chosen  line  of  514.5  nm,  selected  by  means  of  an  air- 
spaced  etalon  and  a  single  line  prism,  has  a  maximum  output  power  of 
approximately  1  watt. 


2.3  Electro-Optic  Shutter 


Since  the  laser  beam  can  be  focused  to  a  high  power  density,  an  electro-optic 
shutter  is  used  to  control  the  time  the  target  is  exposed  to  the  beam,  thereby 
minimizing  thermal  damage  effects.  As  shown  in  Figure  3,  the  electro-optic 
shutter  comprises  an  electro-optic  modulator  (Inrad  Model  101-020)  and  a  prism 
polarizer  (Inrad  Model  701-050).  The  modulator  is  a  single  crystal  KD*P 
modulator  with  a  half-wave  voltage  of  about  3  kV  at  X  =  514.5  nm.  The  prism 
polarizer  is  of  the  Glan-Foucault  type  and  is  constructed  from  calcite. 


Unrad  model  101-0201 


Figure  3:  Block  diagram  of  the  electro-optic  shutter  arrangement. 


During  operation,  the  nominal  3  kV  is  applied  to  the  modulator  causing  the 
vertical  linearly  polarized  light  from  the  laser  to  be  rotated  through  90°  and 
thus  reflected  by  the  polarizer.  Switching  the  applied  voltage  to  essentially 
zero  volts  just  prior  to  firing  of  an  exploding  bridge  foil  flyer  generator  allows 
the  laser  beam  to  pass  through  the  polarizer  to  the  target  for  a  duration  of 
about  10  ms.  The  high  voltage  is  switched  by  SCRs  in  a  unit  made  at  MRL. 
The  rise  time  of  the  shutter  is  less  than  2  ps. 

2.4  PMT  Arrangements 

As  shown  in  the  circuit  schematic  of  Figure  4,  the  photomultipliers  (RCA  7326) 
are  used  in  pulsed  mode.  Pulsed  mode  enables  large  tube  currents  to  be 
drawn  so  that  useful  signals  can  be  achieved  across  a  50  ohm  load  impedance. 

It  also  reduces  the  chance  of  the  PMTs  being  inadvertently  exposed  to  large 
ambient  light  levels.  Triggering  is  by  means  of  a  capacitor  discharge 
(t  «*  0.2  ms)  provided  by  a  PMT  Trigger  Unit  (Fig.  5).  For  operating  a 
piezoelectric  translator  (see  Section  2.6.2),  the  unit  also  provides  switch- 
selectable  Pulse,  AC  or  DC  voltages. 

The  data  PMTs  have  a  common  HV  power  supply  but  separate  voltage 
divider  networks.  The  three  PMTs  are  operated  at  the  manufacturer's 
recommended  maximum  operating  voltage  of  -  2.4  kV.  As  is  the 
recommended  practice  for  PMTs  operated  in  pulsed  mode  [12],  the  last  stages 
have  relatively  large  bypass  capacitors  to  provide  improved  linearity  of  the 
tubes.  As  a  simple  check  for  tube  linearity,  an  incandescent  globe  was  operated 
at  a  fixed  voltage  and  distance  from  a  PMT.  Intensity  variations  were 
produced  by  placing  neutral  density  filters  between  the  PMT  and  the  globe 
(laser  line  filter  being  removed).  No  significant  departures  from  linearity  were 
observed  for  PMT  output  voltages  up  to  about  0.75  V  (Fig.  6). 

The  PMTs  have  nominal  pulse  risetimes  of  2.8  ns.  Thus,  to  ensure  high 
frequency  response,  the  PMTs  are  connected  to  the  DSOs  by  50  ohm  (RG58/U) 
coaxial  cables  and  in  the  event  that  the  DSOs  do  not  have  50  ohm  input 
impedance,  a  50  ohm  in-line  cable  terminator  is  used.  For  correct 
synchronization  of  signals,  the  cable  lengths  are  matched  so  that  transit  times 
are  within  1  ns  of  each  other.  When  the  PMTs  are  triggered  a  dark  current 
pulse  is  observed.  Synchronization  of  an  event  is  arranged  so  that  the  data 
signals  occur  after  this  pulse;  a  delay  of  a  few  ps  is  required. 

Diffusers,  laser  line  filters  (3  nm  FWHM),  and  iris  diaphragms  are  used  in 
front  of  each  PMT  (Fig.  7).  The  diffuser  distributes  the  incoming  light  over  the 
photocathode  surface  to  mitigate  the  effect  of  motion  of  the  light  [13].  The 
filters  also  offer  protection  to  PMTfc  used  under  ambient  light  conditions  but, 
more  importantly,  prevent  much  of  the  light  from  the  self-luminous  target  from 
reaching  the  PMTs.  The  diaphragms  facilitate  aperture  selection. 
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2.5  Target  Alignment 


Various  lenses  were  available  for  use  as  the  target  lens  (Table  1).  The  lens 
focal  length  and  its  distance  from  the  VISAR  optics  determines  the  rate  of 
change  of  intensity  of  the  return  beam  with  target  motion.  As  shown  in 
Appendix  C,  the  intensity  I  after  travel  of  At  is  given  by 


I 


4 

(1  ♦  SAx//)2 


(4) 


where 

f0  =  initial  intensity, 

S  =  lens  to  VISAR  optics  distance,  and 

/  =  focal  length. 


Table  1:  Lens  Characteristics 


Form 

Focal  Length 
(mm) 

Aperture  Diameter 
(mm) 

F /# 

Biconvex 

189.0 

41.5 

4.6 

Achromat 

75.0 

32.0 

2.5 

Plano-convex 

50.2 

32.0 

1.6 

This  expression  implies  that  it  would  be  best  to  have  a  long  focal  length  lens, 
close  to  the  VISAR  table.  However,  in  practice  this  is  not  the  case  for  EBF 
generators  which  are  strong  sources  of  electromagnetic  interference  (EMI).  As 
EMI  can  have  adverse  effects  on  tire  quality  of  the  PMT  signals,  large  S  can  be 
beneficial.  Distance  also  helps  to  prevent  incoherent  light  from  entering  the 
VISAR.  Focal  length  and  aperture  together  determine  the  efficiency  of  the  lens 
for  collecting  the  diffusely  reflected  light;  thus  a  large  diameter  lens  of  short 
focal  length  would  be  best.  A  short  focal  length  lens  also  produces  a  beam  of 
finer  speckle.  The  effects  of  speckle  are  uncertain;  its  motion  can  affect  fringe 
quality  16] . 

The  above  two  effects  cause  some  conflict  when  choosing  a  lens.  Through 
experience,  the  plano-convex  lens  of  focal  length  50.2  mm  has  been  preferred. 
By  calculation,  the  diffraction  limited  spot  diameter  on  the  target  would  be 
about  10  pm.  Observation  through  a  microscope  shows  the  diameter  to  be  less 
than  50  pm  [15].  In  choosing  a  lens,  consideration  should  also  be  given  to  the 
space  needed  between  the  lens  and  target  to  mount  a  protective  glass  barrier 
and  for  the  insertion  of  alignment  aids  (discussed  below). 
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2.6  Interferometer  Adjustments 


2.6.1  Alignment 

(i)  The  electro-optic  modulator  and  prism  polarizer  are  set  up  with  their 
optic  axes  coincident  with  the  laser  beam  axis.  To  avoid  the  possibility  of 
mode-pulling,  they  are  then  tilted  slightly  to  ensure  surface  reflections  are 
not  returned  directly  into  the  laser.  The  laser  beam  (approximately  2  mm 
diameter)  is  then  directed  centrally  through  the  5  mm  diameter  aperture 
in  the  large  turning  mirror. 

(ii)  Diffuse  reflection  from  a  plaster  target  is  recollimated  by  the  target  lens. 
Collimation  is  checked  by  moving  between  the  lens  and  the  turning 
mirror  an  index  card  with  a  2  mm  diameter  aperture. 

(iii)  The  optic  axis  of  the  target  lens  is  set  coincident  with  the  laser  beam  axis. 
For  this  adjustment,  the  index  card  is  placed  just  in  front  of  the  turning 
mirror.  The  lens  position  is  then  adjusted  until  the  centre  of  the 
recollimated  beam  is  coincident  with  the  centre  of  the  card  aperture.  The 
lens  is  then  rotated  about  the  vertical  or  horizontal  axis  slightly  to  prevent 
surface  reflections  returning  to  the  laser  and  the  VISAR  optics. 

(iv)  The  large  turning  mirror  is  removed  and  replaced  by  a  smaller  mirror  set 
to  turn  the  laser  beam  through  45°  to  enter  the  beam  reducing  telescope. 
The  index  card  mentioned  above  is  placed  just  before  this  mirror.  By 
observing  reflections  from  the  front  and  rear  surfaces  of  the  telescope 
lenses,  the  mirror  is  adjusted  until  the  beam  passes  centrally  through  both 
lenses.  The  distance  between  the  lenses  is  changed  by  moving  the 
smaller  lens  until  the  reduced  beam  is  slightly  divergent  through  the  rest 
of  the  optics.  Ideally,  the  adjustment  would  be  such  that  the  reduced 
beam  was  well  collimated  but  lens  aberrations  prevent  this. 

(v)  The  polarizer  is  positioned  so  that  the  beam  passes  centrally  through  it. 

(vi)  The  mirror  following  the  telescope  is  adjusted  to  direct  the  beam  along  the 
optic  axis  of  the  etalon  which  is  held  in  a  vee  block. 

(vii)  The  mirror  in  the  delay  arm  is  moved  to  approximately  the  equi-arm 
position  and  tilted  until  the  beam  reflected  on  return  to  the  IBS  is  centred 
on  the  PBS.  The  PBS  and  the  following  mirror  may  then  need  to  be  tilted 
until  the  beams  are  centred  on  the  data  PMT  apertures. 

(viii)  The  monitor  beam,  reflected  by  the  MBS,  is  also  centred  on  the  MON 
PMT  aperture.  In  order  to  obtain  equal  solid  angles  [13]  and  for 
synchronization  purposes  [1],  the  path  lengths  from  the  MBS  to  the  MON, 
Dl,  and  D2  PMTs  must  be  the  same. 

(ix)  Divergence  of  the  laser  beam  causes  the  beam  diameter  at  the  PMTs  to  be 
about  10  mm,  which  is  too  large  for  accurate  centering  on  the  PMT 
apertures.  Therefore,  a  300  mm  focal  length  biconvex  lens  is  installed 
temporarily  just  before  the  MBS  to  focus  the  beam  to  a  2  mm  diameter  at 
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the  apertures.  The  centering  of  the  lens  with  the  beam  is  again 
ascertained  by  viewing  reflections  from  front  and  back  surfaces.  With  the 
PMT  apertures  set  to  2  mm  diameter,  minor  adjustments  of  mirrors  are 
made  until  the  beam  axes  are  coincident  with  the  centre  of  the  apertures. 

(x)  The  300  mm  focal  length  lens  is  removed  and  the  mirror  in  the  non-delay 
arm  adjusted  until  fringes  appear  on  a  white  index  card  placed  in  front  of 
the  PMTs. 

(xi)  For  the  next  procedure,  the  laser  beam  is  not  used.  Instead,  a  low 
pressure  Hg-vapour  lamp  is  placed  just  before  the  IBS.  This  lamp  has  a 
shorter  coherence  length  than  the  laser  beam  and  is  used  to  obtain  an 
initial  position  for  the  delay  mirror  for  the  interferometer  without  an 
etalon.  The  delay  arm  mirror  is  moved  until  the  fringes  appear  to  have 
the  best  visibility.  This  position  is  not  clearly  defined  but  gives  a 
satisfactory  starting  point  for  obtaining  fringes  when  the  lamp  is  replaced 
with  an  incandescent  source  (12  V/60  W  globe);  fringes  are  again  found 
by  moving  the  mirror  slowly  over  a  short  range  about  this  point.  This 
operation  needs  to  be  performed  with  some  finesse  as  the  fringes  only 
appear  over  a  range  of  about  25  pm  (50  X).  This  then  gives  the  required 
delay  mirror  position  before  additional  etalons  are  inserted  to  obtain  the 
required  fringe  constant. 

(xii)  After  an  etalon  is  inserted,  the  delay  mirror  must  be  translated.  The  arms 
of  the  interferometer  are  not  quite  compensated  since  the  IBS  and  X/8 
waveplate  optical  path  lengths  are  not  the  same  (different  thicknesses  and 
refractive  indices).  The  amount  of  translation  must  be  adjusted 
accordingly  (Appendix  A).  During  translation,  slight  loss  of  alignment 
may  occur  but  is  easily  restored  by  slight  adjustment  of  the  delay  mirror 
(rather  than  the  fixed  mirror  which  might  result  in  loss  of  coincidence 
with  the  monitor). 

(xiii)  The  large  turning  mirror  is  re-installed  and,  if  necessary,  adjusted  until 
the  reflected  beam  from  the  plaster  target  is  centred  on  the  PMT 
apertures. 


2.6.2  Lissajous  Figures 

Lissajous  figures  (X-Y  plots)  obtained  from  the  D1  and  D2  signals  play  an 
important  role  in  the  VISAR  system.  They  are  used: 

(i)  as  an  aid  in  setting  up  the  interferometer  optics. 

(ii)  as  a  diagnostic  tool  for  indicating  the  quality  of  the  data.  Ideally,  the 
Lissajous  figure  would  be  a  series  of  nearly  concentric  circles  with  nearly 
equal  radii.  Any  imperfections  in  the  system  result  in  non-ideal  figures. 

(iii)  when  adjusting  the  data  before  a  velocity  calculation  is  performed. 

The  first  use  is  described  below.  The  other  two  uses  are  addressed  in  later 
sections. 
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By  suitable  adjustment  of  the  linear  polarizer  and  the  X/8  waveplate,  the  D1 
and  D2  PMT  signal  amplitudes  can  be  made  equal  and  90°  out  of  phase.  With 
the  polarizer  initially  set  to  about  45°  to  the  vertical,  the  non-delay  arm  is 
blocked  by  a  card  so  that  only  the  delay  arm  beam  passes  through  to  the  data 
PMTs.  Continuing  to  use  the  plaster  target,  the  laser  power  is  increased  to 
greater  than  0.5  W,  after  which  the  PMTs  are  triggered  and  their  outputs 
recorded  by  the  DSO.  The  two  traces  should  be  of  equal  amplitude;  if  not,  the 
polarizer  is  rotated  until  they  are.  The  above  is  repeated  with  the  delay  arm 
blocked  but  to  obtain  equal  amplitude  traces  the  \/8  waveplate  is  rotated 
instead.  The  card  is  removed  so  that  fringes  are  again  formed. 

The  non-delay  arm  mirror  has  been  mounted  to  a  piezoelectric  translator 
(PZT)  which  is  used  to  quickly  move  the  mirror,  thereby  causing  the  fringes  to 
shift.  These  fringes  are  recorded  by  the  DSO  (Fig.  8).  With  the  DSO 
configured  for  X-Y  operation,  the  trace  (Lissajous  figure)  should  be  a  circle 
(Fig.  9).  If  the  figure  is  elliptical,  the  polarizer  and/or  X/8  waveplate  will  need 
some  slight  readjustment. 


Time,  us 


Figure  8:  Form  of  test  fringes  generated  by  displacement  of  the  mirror  in  the  non¬ 
delay  arm  by  the  PZT.  Typical  values  for  a,  b,  and  c  are  10  mV,  200  mV,  and 
250  mV  respectively. 


2.63  Beam  Intensity  Factor 

As  discussed  in  Appendix  D,  the  monitor  PMT  signal  needs  to  be  scaled  before 
use  in  adjusting  the  data  PMT  signals.  In  order  to  determine  the  scaling  factor, 
y,  operation  of  the  PZT  is  again  used  to  produce  fringes  but  this  time  all  three 
PMT  signals  are  recorded.  Using  the  parameters  shown  in  Figure  8,  the  scaling 
factor  is  calculated  as  follows: 
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Beam  Intensity  Factor  *  y 


a  *  b 
2c 


(5) 


Figure  9:  Circular  Lissajous  figure  produced  from  the  test  fringes. 


3.  Data  Manipulation 

3.1  Post  Processing 


To  enable  reduction  to  a  velocity-time  history,  the  data  recorded  by  the 
oscilloscope  are  transferred  by  means  of  a  GPIB  (IEEE-488)  communications 
channel  to  an  IBM  PC/AT  compatible  computer.  A  scientific  software 
package,  Asystant  GPIB,  is  used  to  effect  this  transfer.  A  series  of  Asystant 
routines  then  scale  the  monitor  signal,  the  scaled  signal  in  turn  being  used  to 
correct  the  data  signals.  Should  the  record  lengths  be  too  long,  the  routines 
can  be  used  to  remove  the  unwanted  data.  The  corrected  data  are  then 
displayed  in  Y-t  and  X-Y  formats.  The  last  operation  to  be  performed  under 
Asystant  is  to  convert  the  data  stored  in  Asystant  files  to  ASCII  files  suitable  for 
a  second  data  reduction  program. 


3.2  Data  Reduction 


The  second  program  was  written  in  Pascal  several  years  ago  prior  to  the 
commissioning  of  the  VISAR.  Unfortunately,  at  the  time  it  was  necessary  to 
postpone  the  incorporation  of  the  data  transfer  and  correction  process  now  done 
using  Asystant.  The  Pascal  program  thus  requires  "well-behaved"  data,  i.e. 
sine-  and  cosine-type  signals.  There  is  no  provision  in  the  program  for  the 
removal  of  signal  imperfections  caused  by  beam  intensity  variations  and 
incoherent  light.  It  has  various  option  menus  for  data  processing  but  the  main 
one  used  is  interactive  centering  of  the  Lissajous  figure  (for  final  adjustment  of 
the  offset).  The  other  options  include  adjustments  for  polarization  and  time 
synchronization  problems,  and  the  elimination  of  bad  data  points.  If  required, 
a  data  smoothing  routine  can  be  invoked.  Once  the  Lissajous  figure  is  centered 
to  the  operator's  satisfaction,  the  velocity-time  history  is  calculated  using  an 
arctangent  algorithm  [14]. 


4.  VISAR  Tests 


4.1  Tests  Conducted 


For  the  process  of  characterizing  and  optimizing  the  VISAR  for  flyer  studies,  a 
medium-scale  exploding  bridge  foil  flyer  generator  (Fig.  10)  and  flyer 
thicknesses  of  25  pm  and  50  pm  were  used.  Being  able  to  readily  align  the 
1.5  mm  wide  bridge  foil  with  the  laser  beam  by  eye  was  the  main  reason  for 
selecting  this  generator.  In  addition,  the  firing  equipment  used  for  these  EBF 
flyer  generators  was  suitable  for  many  repeat  firings.  Many  investigative 
firings  were  required  before  repeatable  and  sensible  data  for  these  flyers 
ensued,  which  in  turn  enabled  tests  with  small  flyers  to  proceed. 


Figure  10:  Exploding  bridge  foil  (EBF)  flyer  generator. 


20 


For  an  initial  assessment  of  the  suitability  of  the  VISAR  for  small-scale  flyers 
(0.25  mm  bridge  width),  some  firings  were  made  using  the  medium-scale  flyer 
set-up.  Even  though  the  inductance  of  the  firing  equipment/stripline 
combination  is  significantly  greater  than  that  used  in  practice  for  small  flyers, 
similar  peak  velocities  can  be  obtained.  Later,  tests  were  conducted  using  a 
low  inductance  assembly  after  it  was  found  that  an  experimental  integral 
stripline  switch  [15]  enabled  repeat  firings  to  be  easily  conducted. 

Another  application  of  interest  for  the  VISAR  is  free-surface  velocity 
measurements  which  enable  Hugoniot  data  to  be  obtained  for  materials 
subjected  to  shock  stresses.  An  assessment  of  the  suitability  of  the  VISAR  for 
these  measurements  was  also  made. 

For  all  of  the  above  measurements,  the  frequency  response  of  the  PMTk  needs 
to  be  high.  In  relation  to  this  requirement,  the  response  of  the  PMTb  to  a  short 
duration  light  pulse  (simulated  delta  function  pulse)  was  examined. 

The  fringe  constants  and  corresponding  etalon  lengths  used  for  the  tests  are 
given  in  Table  2. 


Table  2:  Etalon  Lengths  and  Fringe  Constants 


Etalon  Length 

Fringe  Constant 

(mm) 

(m/s) 

49.74 

964 

24.77 

1937 

17.91 

2678 

12.45 

3853 

Note:  The  fringe  constant  was  calculated  using  equation  (1)  because  the  interferometer 
was  erroneously  set  up  in  that  the  delay  mirror  translation  did  not  include  A l 
(equation  (5),  Appendix  A). 


4.2  Firing  Equipment 

The  firing  equipment  for  the  medium-scale  flyer  tests  comprised  a  Reynolds 
FS-14  control  unit  and  a  customized  firing  module.  The  0.2  pF  capacitor  in  the 
module  is  a  low  inductance  type  with  a  configuration  suitable  for  connection  to 
a  stripline.  The  circuit  inductance  and  resistance  of  the  capacitor/stripline 
assembly  was  typically  60  nH  and  0.1  ohm,  respectively. 

The  HV  power  supply  in  an  MRL  constructed  firing  equipment  for  use  with 
low  inductance  capacitor/ stripline  assemblies  operates  in  a  simple  transformer 
mode  using  a  quadrupler  [16].  The  equipment  comprises  the  HV  supply  and  a 
trigger  unit  [15].  The  maximum  output  is  about  2  kV,  with  the  adjustable 
amplitude  trigger  pulse  being  used  to  operate  the  stripline  switch.  When  using 
a  0.2  pF  firing  capacitor  (Custom  KM  36),  the  circuit  inductance  and  resistance 
for  the  capacitor/ stripline  assembly  was  typically  13  nH  and  0.12  ohm, 
respectively. 
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To  reduce  EMI  noise  effects  on  the  photomultipliers,  the  firing  equipment  and 
test  assemblies  were  housed  in  a  double  electrically  isolated  Faraday  enclosure. 


4.3  Treatment  of  the  Flyer  Surface 


"IYeatmert  of  the  flyer  surface  in  order  to  obtain  diffuse  reflection  is  of 
paramount  importance  for  the  collection  of  good  VISAR  data.  Should  the 
reflection  be  too  specular,  the  measurement  fails  through  gross  beam  intensity 
changes.  Even  with  adequate  treatment  of  the  surface,  significant  beam 
intensity  variations  occur  as  shown  by  the  monitor  signal  in  Figure  11.  This 
profile  is  considered  to  be  a  result  of  a  number  of  effects: 

1.  self-light  produced  at  bridge  burst  (Fig.  12); 

2.  change  in  reflectivity  due  to  shock  induced  change  in  the 
refractive  index  of  the  flyer; 

3.  convexity  of  the  surface  prior  to  flyer  formation; 

4.  changes  in  tilt  of  the  flyer;  and 

5.  changes  in  collimation  of  the  return  beam  due  to  flyer  motion. 


Various  forms  of  treatment  were  considered.  Placing  a  small  piece  of  black 
"letraset"  over  the  flyer  was  one  of  the  initial  treatments  used  and  this  was 
fairly  successful.  Unfortunately,  the  added  mass  of  the  "letraset"  is  significant 
compared  to  that  of  the  flyer  itself.  Working  the  surface  with  emery  polishing 
paper  (grade  3/0)  occasionally  produced  reasonable  data.  Chemical  etching 
and  coating  by  sputtering  techniques  were  contemplated  but  none  were  tried. 
Though  considered  at  the  outset,  grit  blasting  of  the  surface  was  not  tried  until 
equipment  related  delays  had  been  overcome.  This  treatment  gives  good 
results  and  is  the  one  favoured  by  many  other  laboratories. 

A  number  of  grit  blasting  techniques  were  tried.  Initially,  it  was  found  that 
by  operating  a  large-scale  machine  (Cyclo-blast,  Model  14689)  at  low  pressure 
(»  25  kPa)  reasonable  surface  finishes  could  be  obtained  on  most  occasions. 
This  machine  is  normally  loaded  with  about  250  pm  grit,  which  would  be 
unsuitable  at  normal  pressures.  But  it  is  believed  that  operation  at  low 
pressure  results  in  smaller  grit  being  selected.  However,  there  is  an 
undesirable  lack  of  control  over  grit  size,  which  means  the  treatment  is  not 
always  reproducible.  Much  more  satisfactory  results  were  obtained  by  grit 
blasting  the  flyer  surface  for  about  10  seconds  using  a  miniature  grit-blaster 
(Paasche  Airbrush  Co.,  Model  AECR-879)  at  a  canister  pressure  of  180  kPa. 

The  abrasive  compound  used  in  the  blaster  was  domestic  grade  sodium 
bicarbonate.  Examination  of  the  surfaces  under  a  microscope  showed  that  the 
peak-to-valley  distances  were  less  for  the  miniature  blaster  compared  to  the 
large  machine. 
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Figure  11:  Monitor  photomultiplier  signal  showing  rapid  intensity  changes  during  an 
EBF  flyer  generator  firing  (25  pm  flyer  thickness,  1.5  mm  bridge  foil  width ,  5.4  kV). 


Figure  12:  Monitor  photomultiplier  signal  showing  self-light  produced  by  a  bridge  foil 
burst  (25  pm  flyer  thickness,  15  mm  bridge  foil  u ridth). 
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4.4  Laser  Beam/Bridge  Foil  Alignment 


As  mentioned  above,  the  laser  beam  was  centered  on  the  bridge  foil.  For  the 
medium-scale  flyers  this  was  performed  with  the  unaided  eye  but  was  done 
with  the  assistance  of  a  4X  jeweller's  eyepiece  for  the  small-scale  bridge  foils. 

In  both  cases  low  beam  intensity  was  used;  this  was  achieved  by  operating  the 
Pockels  cell  with  the  laser  at  its  lowest  power  setting  (2  mW). 


4.5  EBF  Generator  Preparation 


After  grit  blasting,  a  glass  tamper  was  attached  to  the  bridge  foil  using 
cyanoacrylate  adhesive.  The  medium-scale  bridges  were  then  attached  to  the 
striplines  using  masking  tape.  An  additional  step  was  introduced  for  the 
small-scale  generators  whereby  the  tamper  was  first  viewed  under  a  microscope 
in  order  to  examine  in  general  the  integrity  of  the  bond,  but  in  particular  that 
the  interface  between  the  foil  and  glass  was  free  of  air  bubbles.  While  under 
the  microscope  the  flyer  surface  was  inspected  for  grit  and  scratches.  Bridges 
free  of  tamper  and  surface  faults  were  then  attached  to  the  striplines  by 
soldering. 


4.6  Free-Surface  Velocity  Measurements 


The  experimental  arrangement  used  for  performing  these  measurements  is 
shown  in  Figure  13.  The  impact  side  of  the  polycarbonate  target  was  sprayed 
with  a  thin  coat  of  black  paint  to  block  reflections  from  surfaces  other  than  the 
surface  of  interest.  The  thickness  of  the  polycarbonate  targets  ranged  from 
0.15  mm  to  1.05  mm.  The  medium-scale  EBF  flyer  generator  was  operated  at  a 
firing  voltage  of  5.4  kV  to  produce  a  flyer  with  a  velocity  of  about  2450  m/s,  as 
shown  below.  The  free-surface  velocity  would  be  about  the  same  as  the  flyer 
velocity  when  several  conditions  are  met:  the  impact  is  symmetric,  the  shock 
pressure  is  less  than  50  GPa  [17],  and  the  target  is  thin  (shock  pressure  not 
attenuated  by  release  waves);  on  this  basis  the  maximum  free-surface  velocity 
that  could  be  attained  would  be  about  2450  m/s. 


4.7  PMT  Anode  Pulse  Rise  Time  Measurement 


For  examining  the  anode  pulse  rise  time  of  the  PMTs,  an  optical  pulser 
comprising  a  transistor  operated  in  an  avalanche  mode  and  a  sub-miniature  red 
LED  was  constructed  (Fig.  14).  The  light  from  the  LED  was  coupled  directly  to 
the  PMT  photocathode  by  a  fibre-optic  cable.  The  rise  time  of  the  avalanche 
current  pulse  through  the  LED  (Fig.  15)  was  slightly  less  than  1  ns.  The 
duration  of  the  pulse  was  adjusted  by  the  length  of  the  RG58  coaxial  cable 
charge  line.  The  shortest  duration  (*■  5  ns)  was  obtained  when  the  charge  line 
was  removed  altogether,  stray  capacitance  being  found  sufficient  for  operation 
of  the  LED. 
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Figure  13:  Arrangement  for  free-surface  velocity  measurements. 
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Figure  14:  Optical  pulser  circuit  schematic. 
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Figure  15:  LED  drive  current  pulse. 

5.  Results 

5.1  Medium-Scale  Flyers 


Firings  were  conducted  at  a  firing  capacitor  charge  voltage  of  5.4  kV,  with  a 
fringe  constant  of  964  m/s.  The  flyer  surfaces  were  prepared  using  the  laige- 
scale  grit  blasting  machine.  For  the  25  pm  thick  flyers,  a  Lissajous  figure  and 
data  signals  from  one  of  the  firings  are  shown  in  Figures  16  and  17  respectively. 
For  the  other  firings,  the  spiralling  collapse  of  the  Lissajous  figures  was  a  little 
greater.  Velocity-time  histories  from  three  repeat  firings  are  shown  in 
Figure  18.  The  peak  velocities  were  about  2450  m/s,  the  peak  accelerations 
about  20  Gm/s2,  and  the  flyers  travelled  about  1  mm  before  their  peak 
velocities  were  reached. 

For  a  50  pm  thick  flyer,  a  Lissajous  figure  and  data  signals  are  shown  in 
Figures  19  and  20  respectively.  Velocity-time  histories  for  three  repeat  firings 
are  shown  in  Figure  21.  The  peak  velocities  were  about  1500  m/s,  the  peak 
accelerations  about  10  Gm/s2,  and  again  the  flyers  had  travelled  about  1  mm 
before  reaching  their  peak  velocities. 


velocity,  m/s 


Figure  20:  Corrected  VISAR  data  signals  (50  ym  flyer  thickness,  1.5  mm  bridge 
width,  5.4  kV). 


Figure  21:  Velocity-time  histories  (50  ym  flyer  thickness,  1.5  mm  bridge  width, 


5.2  Small-Scale  Flyers 

5.2.1  FS-14  Firing  Equipment 


Firings  at  2.0  kV  with  the  same  fringe  constant,  964  m/ s,  and  surface  treatment 
used  for  the  medium-scale  flyers  produced  poor  quality  data.  Rapid  spiralling 
collapse  of  the  Lissajous  figures  occurred,  with  signs  of  fringes  being  lost.  But 
by  doubling  the  firing  constant  to  1937  m/s,  the  Lissajous  figures  were  similar 
to  those  obtained  for  the  medium-scale  flyers.  Velocity-time  histories  for  three 
repeat  firings  are  shown  in  Figure  22.  The  peak  velocities  were  about 
3200  m/ s,  the  peak  accelerations  about  50  Gm/s2,  and  the  peak  velocities  were 
reached  after  the  flyers  had  travelled  about  0.25  mm.  A  firing  at  3.0  kV 
produced  a  peak  velocity  of  at  least  5000  m/s. 
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Figure  22:  Velocity-time  histories  (25  ym  flyer  thickness,  0.25  mm  bridge  width, 
2.0  kV). 


5.2.2  MRL  Firing  Equipment 

For  a  series  of  10  tests,  the  flyer  surfaces  were  treated  using  the  miniature  grit 
blaster,  the  fringe  constant  was  2678  m/s,  and  the  charge  voltage  was  1.5  kV. 
The  quality  of  the  Lissajous  figures  varied,  being  either  slightly  better  or  worse, 
or  about  the  same,  as  the  one  shown  in  Figure  16.  Peak  velocities  of  about 
3900  m/ s  were  obtained.  The  peak  accelerations  were  about  100  Gm/s2  and 
again  the  flyer  travel  was  0.25  mm.  Further  results  are  published 
elsewhere  [15]. 
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5.3  Free-Surface  Velocities 


With  a  target  thickness  of  0.49  mm  and  a  fringe  constant  of  964  m/s,  negative 
velocity-time  histories  with  peaks  of  about  -  850  m/s  were  obtained.  On  the 
assumption  that  lost  fringes  produced  these  results,  the  fringe  constant  was 
increased  to  3853  m/s.  The  velocity-time  histories  then  had  the  expected 
shape,  i.e.  a  rapid  rise  to  a  peak  velocity  followed  by  a  slower  decay. 

However,  as  only  about  1/4  of  a  fringe  was  produced,  selection  of  the  centre  of 
the  Lissajous  figure  was  too  subjective  to  give  reliable  data.  Tests  with  the 
other  target  thicknesses  gave  similar  results. 


5.4  PMT  Anode  Pulse  Rise  Time 


The  rise  times  obtained  for  the  MON,  D1  and  D2  PMTs  were  in  the  range  3.3  ns 
to  4.0  ns,  3.2  ns  to  4.0  ns,  and  4.5  ns  to  6.4  ns  respectively. 


6.  Discussion 


Initially,  the  operation  of  the  VISAR  optics  was  hampered  by  a  non-flat 
interference  beamsplitter.  The  fringes  produced  with  this  beamsplitter  were 
"saddle-shaped"  rather  than  broad  curved  or  "bull's-eye”  type  fringes.  The 
installation  of  a  new  beamsplitter  produced  broader  fringes  which  reduced  the 
variability  of  the  results. 

While  the  plano-convex  lens  is  currently  preferred  for  the  taiget  lens,  it  is 
probably  not  the  optimum  form  to  use;  an  achromat  of  the  same  focal  length 
would  probably  be  better  as  it  would  have  less  spherical  aberration.  Spherical 
aberration  means  that  light  rays  travel  to  the  PMTs  over  slightly  different  paths 
and  hence  cause  a  range  of  Doppler  shifts  to  occur  across  the  PMT  aperture, 
resulting  in  degradation  of  fringe  contrast.  A  similar  effect  occurs  when  the 
return  beam  is  decollimated  by  target  motion.  An  achromat  could  give  some 
worthwhile  improvement  in  the  quality  of  the  VISAR  data. 

As  noted  at  Table  2,  through  error,  the  delay  mirror  translation  was  too  small 
(by  2.7  mm)  as  allowance  had  not  been  made  for  the  effective  etalon  length  of 
the  X/8  waveplate/beamsplitter  combination.  Thus  the  interferometer  was  not 
set  up  for  optimum  fringe  contrast.  The  effect  of  this  error  on  contrast  would 
increase  with  decreasing  etalon  length. 

Alignment  of  the  laser  beam  with  the  centre  of  the  small-scale  bridge  foils  by 
means  of  the  jeweller's  eyepiece  was  quite  difficult.  Indeed,  during  subsequent 
work  it  was  shown  to  be  unsatisfactory,  necessitating  the  development  of  a 
method  using  a  microscope  [15]. 

In  normalizing  the  data,  the  monitor  signal  is  appropriately  scaled  and  used 
as  a  divisor.  The  monitor  signal  contains  both  self-light  and  other  noise.  Thus, 
while  normalization  produces  more  circular  Lissajous  figures  it  also  results  in 
noiser  data  which  is  most  noticeable  near  the  end  of  a  record  where  the  beam 
intensity  has  fallen  to  a  low  level.  To  minimize  the  effects  of  self-light,  and  for 
that  matter  other  optical  noise,  EMI,  and  detector  shot  noise,  it  has  been  found 
that  in  this  system  it  is  best  to  use  a  high  laser  power  (0.1  W  -  0.4  W)  and  small 
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PMT  apertures;  2  mm  diameter  apertures  have  been  found  by  experience  to  be 
about  optimum. 

As  the  acceleration  of  the  flyers  increases  (resulting  in  increased  fringe 
frequencies),  our  Lissajous  figures  depart  more  from  the  ideal  form.  Thus,  our 
best  Lissajous  figure  is  for  the  heavier  50  pm  (1.5  mm  bridge  width)  flyer 
(maximum  acceleration  »  10  Gm/ s2)  and  worst  for  the  lighter  25  pm  (0.25  mm 
bridge  width)  flyer  (maximum  acceleration  ■*  100  Gm/s2)  and  free-surface 
velocity  measurements  (reliable  estimate  of  the  maximum  acceleration  could  not 
be  made).  This  suggests  that  one  of  the  likely  reasons  for  the  distorted 
Lissajous  figures  is  an  inadequate  photodetector  bandwidth.  Initially,  based  on 
the  highest  fringe  frequency  observed  in  the  signals,  the  bandwidth  was 
thought  to  be  in  the  range  50  MHz  to  100  MHz.  Later  tests  with  the  optical 
pulser  appeared  to  agree  with  this  observation.  It  should  be  noted  however 
that  the  rise  times  obtained  from  the  pulse  tests  might  be  slightly  too  high 
because  the  optical  pulser  was  not  quite  fast  enough  to  be  considered  a  good 
facsimile  of  a  delta  function  light  source  [12].  But  the  pulse  tests  do  show  the 
high  frequency  response  of  the  two  data  PMTs  to  be  different,  which  could  also 
contribute  to  the  distortion.  Other  possible  reasons  for  the  distorted  Lissajous 
figures  are  discussed  in  the  literature  [13, 14, 18,  19]. 

Our  measurements  have  shown  that  the  PMTs  are  linear  over  the  voltage 
range  of  interest  and  hence  non-linearity  of  the  photodetectors  is  not  considered 
to  be  a  problem.  In  addition,  diffusing  screens  are  used  directly  ahead  of  the 
PMTs'  photocathodes  to  reduce  target  motion  effects.  Erroneous  monitor 
signals  can  also  cause  problems;  these  errors  can  arise  through  improper 
alignment  of  the  VISAR  optics  and  photodetectors.  The  alignment  is 
performed  with  care  and  we  expect  it  to  be  satisfactory. 

For  VISAR  data  that  produces  essentially  a  circular  Lissajous  figures,  error 
analysis  suggests  that  the  uncertainty  of  the  calculated  velocity  is  less  than  1%. 
However,  given  that  most  records  from  this  VISAR,  for  EBF  flyer  generator 
firings,  will  have  some  distortion,  this  accuracy  cannot  be  claimed.  The 
Lissajous  figures  characteristically  have  several  circular-like  loops  which  do  not 
have  a  common  centre.  Hence,  choosing  a  centre  for  the  velocity  calculation  is 
a  compromise.  Some  likely  effects  of  this  are  as  follows: 

(i)  The  velocity-time  history  up  to  the  peak  will  be  distorted,  as  shown  by 
simulated  fringes  in  Figure  23.  For  flyer  peak  velocity  measurements, 
this  is  not  a  serious  limitation.  But  the  acceleration-time  history  derived 
by  numerical  differentation  of  the  velocity-time  history  will  be  erroneous, 
as  shown. 

(ii)  The  peak  velocity  could  be  in  error  by  about  10%  (Fig.  23). 
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Time,  ns 


Figure  23:  Plots  from  simulated  VISAR  data  (about  2  fringes)  to  illustrate: 

(a)  perfect  data,  (b)  and  (c)  defective  data  causing  artificial  accelerations  and  increasing 
error  in  the  peak  velocity. 


7.  Conclusions 


A  range  of  tests  were  conducted  to  characterize  and  optimize  the  3-detector 
VISAR  system  for  flyer  velocity  measurements.  During  the  tests,  proper  flyer 
surface  treatment,  target  lens  type,  and  photodetector  response  were  found  to 
be  important.  Use  of  a  miniature  grit-blaster  was  found  to  be  a  good  method 
of  roughening  the  flyer  surface  and,  of  the  lens  types  available  for  evaluation,  a 
short  focal  length  planoconvex  lens  was  preferred.  The  most  likely  factor 
limiting  the  performance  of  the  VISAR  system  was  considered  to  be  the  high- 
frequency  response  of  the  photodetectors  which  was  found  to  be  significantly 
less  than  100  MHz. 

After  replacement  of  the  VISAR's  original  non-flat  interferometer  beamsplitter, 
the  two  arms  of  the  interferometer  were  no  longer  compensated.  The  VISAR 
velocity  equation  was  shown  to  need  modification  to  account  for  the  effective 
etalon  length  of  the  beamsplitter /X/8  waveplate  combination. 

We  found  the  3-detector  VISAR  system  capable  of  making  peak  velocity 
measurements  for  small-  and  medium-scale  flyers,  the  velocity  range  tested 
being  1500  m/s  to  3900  m/s  with  accelerations  up  to  about  100  Gm/s2. 
However,  the  system  would  have  limited  value  for  studies  where  accurate 
acceleration-time  histories  are  needed  or  for  free-surface  velocity  measurements. 
The  uncertainty  of  the  peak  velocities  was  found  to  be  related  to  the  form  of  the 
Lissajous  figure.  In  general,  for  a  good  Lissajous  figure  the  uncertainty  would 
be  about  ±  2%  but  on  the  other  hand  would  be  about  ±  10%  for  a  poor 
Lissajous  figure. 
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Appendix  A 

Derivation  of  VISAR  Equation 


Referring  to  the  diagram  shown  in  Figure  Al,  for  zero  optical  path  difference 
the  path  lengths  of  the  imaginary  interferometer  must  be  equal.  When  a  X/8 
waveplate  is  added  to  the  non-delay  arm,  in  order  to  obtain  good  fringe 
visibility  with  spatially  incoherent  light  mirror  MND  would  need  to  be 
translated  by 


(A.l) 


where 

Ip  =  thickness  of  the  X/8  waveplate,  and 

np  =  refractive  index  of  the  X/8  waveplate. 


Figure  Al:  Imaginary  interferometer  arrangement  used  for  derivation  of  the  VISAR 
velocity  equation.  Arm  length,  l,  is  approximately  290  mm. 
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Thu9,  the  new  optical  path  length  for  this  arm  would  be 


I-L*ilL+L  1-—  *  /  +  /„«„-  — 
p  p  p  p  _  p  p  _ 

<  v)  p 


where  /  =  initial  arm  length.  Similarly,  allowing  for  the  thickness  of  the 
beamsplitter,  the  new  delay  arm  optical  path  length  would  be 


where 


-  retractive  index  of  the  beamsplitter, 

-  thickness  of  the  beamsplitter, 

.  A 

cos  r  cos  [sin'1  (sin  i/nj] 

=  angle  of  incidence,  and 
=  angle  of  refraction. 


Then,  to  obtain  white  light  fringes,  zero  optical  path  difference  is  again  needed 
and  therefore  mirror  MD  would  need  to  be  translated  by  A 1  so  that 


“X  4|-',k-:r  -<k-r 


Now  let 
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or 


»  A/ 

(\  -  1/".) 


(A.7) 


This  expression  gives  the  effective  etalon  length,  leff,  for  the  X/8 
waveplate/beamsplitter  combination. 

From  the  white  light  fringe  position,  mirror  MD  is  initially  translated  back  by 
A/  and  then  by  x  =  le  (1  -  l/ne)  after  an  etalon  is  added.  These  translations 
ensure  good  fringe  contrast  with  spatially  incoherent  light.  Thus,  the  optical 
path  difference  is  now 


Aj  ¥  0  =  2 


l  +  L 


(A.8) 


=  2 


'’KH 


"b"  v 


-z 


n 


(A.9) 


From  (A.5)  and  (A.6)  this  gives 


Aj  *  2 

** 

l  •/  v  n*/J 

(A. 10) 


(A. 11) 


Thus  the  phase  difference  will  be 


(A.12) 
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*  - 

*0 


2(^-y 


(A. 13) 


In  the  arrangement  of  the  Michelson  interferometer  used  for  length 
measurements,  A2  is  changed  thereby  causing  fringe  shifts.  On  the  other  hand, 
in  the  velocity  interferometer  is  changed  to  cause  fringe  shifts.  Light 
reflected  from  a  surface  moving  with  velocity  u  will  sustain  a  double  Doppler 
shift  [11]  so  that 


A  A  *  -2JU-  (A.14) 

c 

A  =  A0  +  A  A  (A.15) 


=  *o 


(A. 16) 


and  the  phase  difference  will  then  be 


4> 


2  n 


A0  (1  -  2  b/c) 


2  ’t) 


(A.17) 


Thus,  the  phase  change  is 


2w 

Ao(l  -2  b/c) 


(A.18) 


1 

(1-2  B/C) 


(A.19) 


The  total  fringe  shift 


F  = 


♦o-» 

2  it 


(A.20) 
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1  - 


1 


(1-2  ulc) 


(A.21) 


Rearranging 


_ koF  m  (1-2 ulc)  -  1  _  - 2u  a  -2 u  (A 22) 

(1-2  u/c)  c(l  -2u/c)  c 


Thus 


l0cF 

4 (/.-/*>(«. -l/\) 


(A.23) 


This  equation  requires  a  correction  factor  due  to  the  optical  dispersion  of  the 
etalon  material  (9],  so  that 


u  « 


_ V£ _ 


(A.24) 


where  8  =  optical  dispersion  correction. 

For  the  MRL  VISAR, 

«b  =  1.462  (fused  silica,  X  =  514.5  run) 

np  =  1.55  (crystalline  quartz,  X  =  514.5  nm) 

l'b  =  9.173  mm 

lp  =  4.895  mm 

From  (A.5)  and  (A.7) 

leff  =  -  3.48  mm 
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Appendix  B 

t  Translation  of  the  Delay-Arm  Mirror 

r 

Assume  the  mirror  in  the  delay  arm  is  located  at  B  as  shown  in  Figure  A2  prior 
■  to  insertion  of  the  etalon.  After  the  etalon  of  length  le  is  inserted,  it  is  required 

that  the  mirror  is  translated  so  that  the  ray  shown  returns  to  the  beamsplitter 
along  the  same  path.  Thus,  the  mirror  needs  to  be  translated  by  the  distance 

x  *  CB  *  CD  (B.l) 


Noting  that 


AO  =  CE  +  EF 


(B.2) 


and  since 


tan  r 


EF 


(B.3) 


AO  =  CE  *  J,  tan  r  (B.4) 


Figure  A2:  Translation  of  the  delay-arm  mirror  after  insertion  of  an  etalon. 
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Now 


,an<  =  ££  =  fiO 

CD  AB 


so  that 


AO  ■  CD  tan  i  +  lt  tan  r 


-  (x  -  CB)  tan  i  +  lt  tan  r 


From  (B.5)  and  (B.7) 


AB  tan  i  =  (x  -  CB)  tan  i  +  tan  r 


or 


(/.  -  CB)  tan  i  =  (x  -  CB)  tan  i  +  /,  tan  r 


Therefore 


tan  i  =  x  tan  t  +  lm  tan  r 


from  which 


*  *  l. 


tan  r\ 
tan  i) 


From  Snell's  law 


sin  i 
n  =  — 

sin  r 


(B.5) 

(B.6) 

(B.7) 

(3.8) 

(B.9) 

(B.10) 

(B.ll) 


(B.12) 


thus 


t. 


1  006  i 

n  cos  r 

and  since  i  is  small 


*  “  l. 


Appendix  C 

Beam  Intensity  as  a  Function  of  Target  Motion 


Let  I0  =  the  irradiance  of  a  perfectly  collimated  return  beam,  and  I  =  the 
irradiance  at  distance  S  of  a  decollimated  return  beam,  this  being  due  to  target 
motion  Ax  (Fig.  A3).  Then,  assuming  the  same  amount  of  light  from  the  target 
enters  the  lens. 


1,1-1  (C.3) 

/  u  v’ 
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we  obtain 


Appendix  D 

Data  Processing  and  Reduction 


Referring  to  Figure  A4  the  D1  and  D2  data  signals  can  be  represented  in  terms 
of  intensity  by  two-beam  interference  equations  as  follows: 

For  Dl: 


/,-/  +  /,+  2/,/flT  cos  $ 


(D.l) 


For  D2: 


/p  */  +  /,♦  2/  'JKT  cos  ($  -  P) 


(D.2) 


where 

/9  =  intensity  of  the  s-polarized  recombined  beam, 

Ip  =  intensity  of  the  p- polarized  recombined  beam, 

/  =  intensity  of  the  coherent  beam  entering  the  interferometer, 

/,  =  intensity  of  the  incoherent  beam  entering  the  interferometer, 

R  =  fraction  of  reflected  beam, 

T  =  fraction  of  transmitted  beam, 

0  =  phase  difference  between  recombined  coherent  beams,  and 

C  =  phase  difference  between  the  s-  and  p- polarized  beams. 


Figure  A4:  Interferometer  showing  division  of  incoming  light,  I  +  I?  into  reflected 
and  transmitted  components. 
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Put 


Y ♦  A 


(D.3) 


where 

Im  =  intensity  of  the  monitor  beam,  and 
y  =  scaling  factor  (Beam  Intensity  Factor). 

Subtracting  (D.3)  from  (D.l)  and  (D.2)  gives 


//  =  21 JKT  ccs  4> 


(D.4) 


/,'  =  2/  JRT  coe  (4>  -  p) 


(D.5) 


These  signals  can  be  used  to  calculate  the  velocity-time  history  using  the 
artangent  algorithm  [6,  14]: 


«  -  A  tan> 
2k 


sin  P 


cot  P 


(D.6) 


However,  the  beam  intensity  varies  significantly  during  tests  with  exploding 
bridge  foil  flyer  generators,  causing  corresponding  variations  in  the  21  'IWt 
term,  i.e.  the  Lissajous  figure  is  likely  to  be  a  circular  spiral.  As  choosing  a 
centre  for  a  spiral  is  difficult,  the  data  are  normalized  as  follows: 

Dividing  (D.4)  and  (D.5)  by  (D.3)  gives 


/*  =  a  cos  ♦ 


(D.7) 


and 


=  a  cos  (♦  -  P) 
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where 


a 


2y^ 

1  *  IJl 


For  small-  and  medium-scale  EBF  flyer  generators,  use  of  a  fairly  high  laser 
power  (0.1  W-0.3W)  ensures  that  J  >  thereby  making  a  approximately 
constant.  This  then  results  in  a  more  circular  Lissajous  figure  which  aids 
manual  centering  by  the  operator. 
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ABSTRACT 


This  report  describes  the  commissioning  and  appraisal  of  a  conventional  3-detector  VISAR  velocity 
interferometer  system  (Systems,  Science,  and  Software,  Model  3SLVI-401)  for  measuring  the  velocity-time 
histories  of  small  plastic  flyer  plates  produced  by  exploding  bridge  foil  generators. 

Proper  treatment  of  the  flyer  surface  to  diffusely  reflect  die  laser  beam  was  found  to  be  important. 
Roughening  the  surface  with  a  miniature  grit-blaster  produced  the  best  results.  Peak  velocities  in  the 
range  1500  m/s  to  3900  m/s  were  obtained  for  small-  and  medium-scale  flyers  (bridge  widths  of 
0.25  mm  and  1.5  mm,  respectively).  Accelerations  were  in  the  range  10  Gm/s2  to  100  Gm/s2.  The 
uncertainty  of  the  measurements  was  found  to  be  related  to  the  limited  high-frequency  response  (less 
than  100  MHz)  of  the  photodetectors. 

After  replacement  of  the  original  non-flat  beamsplitter,  the  arms  of  the  interferometer  were  not  quite 
compensated.  A  modified  VISAR  velocity  equation  that  allows  for  the  effective  etalon  length  of  the  X/8 
waveplate/beamsplitter  combination  is  derived. 
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